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ABSTRACT

Subroutines HUNT3 and HUNTY4 have been developed to
enable the Bellcomm Apollo Simulation Program to simulate launch
trajectories that use yaw steering during the ascent to orbit.
HUNT3 determines the values of three trajectory shaping para-
meters such that constraints on three orbital elements are
satisfied. Similarly, HUNTY determines values for four tra-
jectory shaping parameters to satisfy constraints on four
orbital elements at insertion.

One application of HUNT3 is the determining of values
for two pitch parameters and one yaw parameter that will result
in an orbit with a specified altitude, flight path angle, and
orbit inclination at insertion. If HUNT4 is used, the position
of the line of nodes of the achieved orbit can also be specified
by introducing a second yaw parameter.

Although these subroutines have been developed for
simulating Saturn IB launches into earth orbit, they could be
adapted to simulations of missions that use other launch vehicles
and to other trajectory targeting problems.
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MEMORANDUM FOR FILE

I. INTRODUCTION

The simulation of launch trajectories with the
Bellcomm Apollo Simulation Program (BCMASP) requires the
determination of values of trajectory shaping parameters that
will result in achieving a specified orbit. This has usually
been done by considering one (or two) pitch-plane shaping
parameters at a time and determining values for these para-
meters such that one (or two) trajectory constraints are
satisfied. Subroutines HUNT1 and HUNT2 have been used for
these purposes. For Apollo Applications Program Mission
analysis, it has been necessary to extend these procedures
to permit the determination of yaw parameters in addition to
the pitch parameters. Subroutines HUNT3 and HUNTY have been
developed for this purpose.

This memorandum describes these subroutines and gives
examples of how they are used.

II. DISCUSSION

A, Simulation of Launch into an Orbit of Specified
Inclination

Launching at the optimum launch azimuth gives the
maximum payload into orbit and results in a launch trajectory
that requires essentially no yaw steering of the launch vehicle.
For high inclination orbits, the optimum launch azimuth is often
unacceptable because of range safety limitations. It is neces-
sary to launch at an azimuth within the range safety limits and
initiate a yaw maneuver during the ascent to achieve the desired
inclination. For a Saturn IB launch simulation, the launch vehi-
cle rises vertically from the launch pad for the first ten seconds
of flight. An initial pitch or kick angle is then instantaneously
applied and a gravity turn trajectory is followed until approxi-
mately ten seconds before shutdown of the first stage. An
inertial attitude hold is then maintained during the last ten
seconds of the first stage burn, through the coast period
between first stage shutdown and second stage ignition, and
for approximately the first 30 seconds of the second stage burn.
To insure that the simulation is a reasonable approximation to
a realistic launch trajectory, an altitude constraint at this
point is enforced by HUNT1, using the kick angle as the trajectory
shaping parameter.
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At the end of the inertial hold period, an instan-
taneous increment in pitch angle is assumed and yaw and pitch
programs are initiated and continued until second stage shutdown.
Constraints on radius, flight path angle, and orbit inclination
at second stage shutdown are enforced by HUNT3, using as tra-

jectory shaping parameters the pitch and yaw rates and the incre-
ment in pitch angle.

HUNT3 may also be used to achieve a specified orbit
inclination when yaw steering of the launch vehicle is not
done. In thils case, the launch azimuth can be used as a tra-
jectory shaping parameter.

B. Rendezvous Mission Launch Simulation

The spacecraft launched second in a rendezvous mission
must be accurately inserted into a svecific orbit to insure ade-
quate phasing capability and a minimum plane change requirement.

At orbital insertion, the spacecraft must not only have a specific
altitude, flight path angle, and orbit inclination, but the posi-
tion of the orbital plane must be accurately controlled. This 1is
usually done in BCMASP by specifying the longitude of the descending
node of the orbit, measured eastward from the inertial longitude

of the launch pad at launch.

The sequence of events for the launch into orbit is the
same as in the previous example with one exception. At the end
of the inertial attitude hold period about 30 seconds after second
stage ignition, an increment in yaw angle is assumed in addition
to the increment in pitch angle. These together with the pitch
and yaw rates give four trajectory shaping parameters for HUNTH
to use in enforcing the four trajectory constraints at orbital
insertion. It is sometimes desirable to use launch azimuth in
place of the increment in yaw angle.

C. Determination of Values of the Trajectory Shaping
Parameter

In trajectory targeting with BCMASP, the HUNT subroutines
are used to determine values of the trajectory shaping parameters
that will produce a launch tralJectory satisfying the trajJectory
constraints. The basic mathematical approach used in HUNT3 and
HUNT4 is given in Reference 1. A brief summary is given below.

In general the n-dimensional HUNT problem is to find
the values of n independent variables so that n dependent
variagbles will have specified values within specified tolerances.
In applying this to the development of a trajectory, the independent
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variables are the trajectory shaping parameters and the dependent
variables are the trajectory elements upon which constraints are
imposed. The mathematical statement of the problem is

yq = fl(xl’ X2”"’Xn)

y2 = f2(xl, X2,...,Xn)

fn(xl’ X2""’Xn)

e
I

where the x's are the independent variables and the y's are
dependent variables. The functions are not usually known in

analytic form and numerical integration is required to evaluate
the y's.

If the y's are single-valued functions of the x's,
then the problem can be restated as

Xl = gl(yl, yz)"'syn)

X, = 8,(¥q5 Ypseeesy,)

and the total differential for Xk can be written

n
px, = Y == Ay, . (1)
k i=1 ayi i

This is a relationship between small changes in all of the
dependent wvariliables with a small change in one independent
variable.
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In generating a trajectory, a set of shaping para-
meters (x's) is assumed and the trajectory 1is integrated over
the region of interest. The resulting values for the trajectory
elements (y's) are then compared to the trajectory constraints.
If the error in each element is less than a specified tolerance,
no further work is required by the HUNT subroutine. If the
error is unacceptably large for one or more of the elements,
another set of shaping parameters is determined and the tra-
jectory is integrated again. A new set of shaping parameters
is obtained by incrementing the set previously used with the
increments obtained from Equation (1). The increments of the
y variables of (1) are taken to be the errors in the trajectory
elements. This assumes that the coefficients or partial deriva-
tives have previously been determined.

If the relationships between the dependent and
independent variables were perfectly linear, only one correc-
tion to the shaping parameters would be required to enforce the
trajectory constraints. However, due to inherent non-linearities,
several iterations are almost always required before all of the
trajectory elements achieve their required values. The non-
linearities also necessitate updating the partial derivatives
of Equation (1) after each iteration.

The derivation of the expressions for the partial
derivatives is in Reference 1 and only a summary will be gilven
here. TFor an n-dimensional HUNT problem, n+l trajectory inte-
grations are required, each with a different set of shaping
parameter values. This gives n sets of Ax and Ay for each x
and y. The partial derivatives are computed from the following

expression:
-1 T
[A] = {[Ay] [AXJ}

[A] 1is the matrix of partial derivatives,
[Ax] is the matrix of independent variable increments,
[Ay] is the matrix of dependent variable increments.

where

X

Qs+ = =0
i Y .
J yJ

AXyq = xl(k+1st integration)—xl(kth integration)

AYyq = yl(k+1st integration)—yl(kth integration).
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The latest n+l trajectory integrations are always used in
computing the partial derivatives.

In applying HUNT3 and HUNTY4, additional problems
were encountered because of the non-linearities. 1In selecting
the initial estimates for the shaping parameters, it is often
very difficult to choose a set of accurate values. Therefore,
the HUNT subroutines must be able to overcome large initial
errors. However, the eventual convergence of the shaping
parameters to a set of values that will result in the required
orbit is dependent upon the initial set of values assigned to
the shaping parameters. If the initial estimates are too much
in error, the shaping parameters will not converge to reasonable
values but instead will diverge to meaningless values giving
no useful result. This problem has been overcome with HUNTY4 by
initially converting the four-dimensional problem into two two-
dimensional problems. The two-dimensional HUNT problem is much
less sensitive to the accuracy of the initial estimates in the
shaping parameters. By solving for approximate values of the
shaping parameters two at a time, a much better initial estimate
for the HUNT4 logic is obtained and convergence of the four-
dimensional problem is easily achieved.

In solving the two two-dimensional problems, the pitch
parameters are grouped together and the yaw parameters are
grouped together. For trajectories where the errors in the tra-
Jectory elements are relatively small, the pitch parameters are
weakly coupled to the yaw parameters and the solutions to these
two two-dimensional problems may be found simultaneously. How-
ever, for trajectories where the errors are very large, the
coupling 1s much stronger and one of the two-dimensional problems
must be solved before the other. To determine if the more
efficient method of simultaneous solutions is feasible, the
initial errors are tested when Subroutine HUNT4 is entered. For
example, 1f the initial errors at orbital insertion in radius,
flight path angle, orbit inclination, and longitude of the
descending node are less than 1,000,000 feet, six degrees, five
degrees, and eleven degrees respectively, simultaneous solutions
of the two two-dimensional problems are obtained. These numbers
are based on the results of several simulations but are subject
to modification as more experience is gained. This scheme used
in HUNTY4 can be summarized as follows:
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HUNTA4

Is the initial error in
radius, flight path angle,
orbit inclination or longi-
tude of the descending node
very large?

NO YES
Simultaneously, Enforce inclination and
enforce radius and flight node longitude constraints
path angle constraints by by varylng yaw parameters.

varying pitch parameters;
enforce inclination and node

longitude constraints by

varying yaw parameters.

Enforce radius and flight
path angle constraints
by varying pitch para-
meters. '

Enforce all four constraints
by varying all four parameters.

A similar scheme was implemented in HUNT3. If the
initial errors in radius, flight path angle, and orbit inclination
are less than 1,000,000 feet, five degrees, and five degrees
respectively, solutions for a two-dimensional problem and a one-
dimensional problem are found simultaneously. The two-dimensional
problem is the enforcement of the radius and flight path angle
constraints by varying the two pitch parameters and the one-
dimensional problem is the enforcement of the inclination con-
straint by varying the yaw rate. After these solutions are
found, an improved set of parameter values 1is available for the
HUNT3 logic to use in solving the three-dimensional problem. If
any of the initial errors are excessive, the one-dimensional pro-
blem must be solved first. Experience has shown that in this
case, the solution of the two-dimensional problem is unnecessary
before proceding to the three-dimensional problem. The scheme
for HUNT3 is as follows:
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HUNT3

Is the initial error in
radius, flight path angle
or orbit inclination very

large?
NO | YES
Simultaneously, Enforce inclination
enforce radius and flight path constraint by
angle constraints by varying varylng yaw rate.

pitch parameters;
enforce inclination constraint
by varying yaw rate.

Enforce all three constralnts by
varying all three parameters.

Listings of HUNT3 and HUNT4 are given in Appendices
I and II.

ITI. SUMMARY

For Apollo Applications Program mission analysis, the
simulation of launch trajectories has necessitated extending the
targeting capability of BCMASP. Two new subroutines, HUNT3 and
HUNT4, have been developed to allow the enforcement of constraints
at launch vehicle cutoff on orbit inclination, and orbit inclination
and longitude of the descending node respectively, in addition to
the constraints on radius and flight path angle. Some of the basic
elements of these new subroutines are similar to the simpler sub-
routines, HUNT1 and HUNT2, which have been used in BCMASP.
Convergence problems resulting from non-linearities required the
inclusion of additional logic to determine partial solutions of
the targeting problem before a complete solution could be found.

While HUNT3 and HUNTY4 have been developed for targeting
Saturn IB launch trajectories, they could be readily adapted to a
variety of three or four-dimensional targeting programs, and to
missions using other launch vehicles.
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APPENDIX I

SHBROUTINF HUNT2UIXsY 7 0llsVeWslIDsVDsWNsQUQVsQWeT11,12,4,SFENS)

DIMENSION SENS(17)

SUBROUTINE HUNT3 FINDS VALUES OF X AND Y AND 7 SUCH THAT U AND V
ANC W ARFE FQUAL TO UD AND VD AND WD WITHIN A TOLERANCF OF QU AND
OV AND QWs WHFRFE Us Vs AND W ARF DEPENDENT VARTABLES NDEFINFD

AT EVFNT T2 AND X,y Ys AND 7 ARF CONTROL VARIABLES FOR THF FLIGHT

FROM FVYFNT 11 TC FVYENT T2, TF THF SOLUTION DTVFRGES, HUNT3 wit L
STOP RUN AFTFR 2N TTFRATIONS,

DATA Z2FRO/NeD/

SFNS({1) ~ FLAG TO INDICATE SENSITIVITY IS AVAILABLE

SFNS(2) - A1l ) — SENSITIVITY MATRIX OR INITIAL STEP DESIRED
SENSt3Y} - A2 ) ‘

SENS(4) - A3
SENS{5) - A12
SEFMS(6) ~ A2?
SFNS (7)) - A32
SFNS(R) -~ A13
SFNS(9) - AD3
SENS(10) - A33 )

ITNITTIALIZF

ZIrr RN
won o0
D DO+

MA =1

FtIMAX=1AaNnNANN,

FVYMAX= §,n

FWMAX= 6,0
TF(SENS({IYNF Ny GO TO 2
NOT IT=2,41n0

SFNS(1Yy=n,
TF(SENS({15)«NELDYGO TO &
PO 3 TI=11,14

SFNS(1yY=0,

TFISFNS(17)«NFNe)¥c0 TO 1N
SFNS(16)=0n,

TNTFGRATF TO FVENT 12 AND FVALUATF FRRORS

CALL FLTINTI(T1,72)
Y=U+7FRO
HN=UN+7FRO
V=V+2EROD
VD=VD+7FRO
W=W+ZERQ
WR=WD+7FRO
Fti=y=Un

FVY=Vv-VD
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Fin=w—-WwnD

TEF(MNY 15416417

WRITE(641N3) KoeXoFUIsSFNS{16)aMNGYoFV,47,FW

GO TO 18

WRITE(641NTIKsXsFligYsFVy7 4FW

GO TO 18

WRITE(69105) KeXosEUISENS(2) 9SENSIS5)sSENS(B)YsMNsYsEVsSENS(3)4SENS(6
o) sSFENS(O) el o ZsFWsSFNS(4) +SEFNSITY9SENS(IN)

TF((ARS(EU) eLToeQU) e ANDe (ABS(EV) oL TeQV)eANDe (ABS(EW) oL T.OW)IRETURN
IF(KGFg3INY GO TO ©

COMPHTE SENSTTIVITIFS
N2=01D

NH2=DU

DI =51

PY3=DV?2

Py2=DV1

PDV1=SV-v

DW3=DW?2

NDW2=DW1

PWl=SW-w

TFIMN)Y 2N,19,5Nn
TFO(ARS(EN) LT ¢FIIMAXY) AND o (ARSIFV) oL ToFVMAX) JAND 4 (ARS(FW) LT FWMAX
VIGO TO 48

MN=~=1

SOLVF (2'W) PROBLEM BEFORE SOLVING (XsYsZ'UsVeW) PROBLEM

IF(ABS(EW) e LT QW 1GO TO 29
IF(KeGF 2160 TO 23
IF(SENS(17)eNE.NeIGO TO 24

Nx1=N,0
NYl=N,n
N721=—eN1%7
GO TO 8

TFIDWIFQaNsIRO TO 9
SENS(16)=D71/DW1
SFNS(17y=1.0

DX1=0,

DY1=0,

D722=0D71
N71=SFNS (YA ) *FW

GO T

D IR
D2 2
N o=

TO Sn
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MN=1

FOR ¥ FQUALS 1 THRONGH 44 SET UP INITTAL FSTIMATFS OF
FLFMENTS OF SFNSITIVITY MATRIX

SOLVF (XsY'11,V) AND (7'W) PROBLFMSs STMULTANEOUSLY BEFORE
SOLVING (XY sZ 14V W) PROBLEM

IFIKeGF.4)GO TO 55
TF(SFNS(1)eNEeNs)GO TO 56
TF(K=2)51452+572
DX1=—a0N1%X

Dyl=0,

D71=0,

GO TO R

NX3=NX1
DX1=0,
DX2=04
DY1l=—eN1*Y
GO TO 8

NY2=DY1
NDy3=n,
PDyi=n,
D71=—eN1%7
GO TO R

DELVWA=DV2*DW3-DV3*DW?
DELVWB=DV1%DW3-DVY3%xDW1
DELVWC=DV1*DW2-DV2*DW1
DELUWA=DU2%DW3~DW2*DU3
DFLUWB=DPUI*DW3-DW1*N3
NDFLUWC=DUI*NW2-DW1%DU?2
DFLUVA=DU2%DV3~-DV2%DU3
DFLUVB=NI*DV3-DV1*DHU3
NELUVC=NYTI*NDV2-DV1*DU?
DENOM=DII ¥DFLYWA-DYI*DFLUWA+DWI*DELYIVA
IFI(NFNOMFONIGD TO 9
SENS(2)=(DX1*#DFLVYWA-DX2%¥DELVWB+DX3%#DFLVWC) /DFNOM
SENS(S5)=(~DX1*DELUWA+DX2*DELHWB-DX3*¥DELUWC) /DENOM
SFNS(8)=(DX1*¥DELVA-DX2*¥DELUVB+DX3*DELUVC) /DFNOM
SFENS(3)=(DY1#DELVWA-DY2#DELVWR+DY3*DFLVWC) /DFNOM
SENS(6)=(~DY1*DELUWA+DY2*¥DELUWB-DY3*DELUWC) /DENOM
SENS(9)=(DY1*¥DELUVA=-DY2*DFLUVB+DY3*#DFLUVC) /DFNOM
SENS(4)=(D71%*DFLVWA-DZ2*DELVWB+DZ23*DELVWC) /DENOM
SENS(7)=(~-DZ1*DELUWA+DZ2*DELUWB-DZ3*DELUWC) /DENOM
SENS(1IM =(NZ1¥DFLUVA=-DZ72%XDELUVB+DZ3%*DELUVC) /DFNOM
SFNS(1y=1,

COMPUTFE NFW XoYs?7
Nx2=DX2
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NXx2=NX1
NY3=DY2
DY2=DY1
NPz23=D72
D722=D21

IF(LeGF2) GO TO 7N

TEUIM FOGT)eORGIARSIFI) o GT 4O ) oOR(ARS(FVILGTLQV 1)IAO TO 61
M=1

L=L4+1

NXYI=SFNS{2)*FU+SFNS (S ) %FYV

DY1=SFNS{3)*FUU+SENS(6)*EV

IF((N «FQel)eOR{ABSIEW)«GTLQW YIGO TO 62

N=1

L=L+1

DZ1=SENS(1N)*FW
TF{LLTL2)Y GO TO 8

DX1=SFNS(2)%FEUU+SENS(S)*¥FV4+SENS(8) *EW
NY1=SFNS(3)yXFU+SFNS(E6)Y¥FV+SFNS{Q) *¥FW
NZI1=SENS{4)Y*EH+SENS(TI*¥FV+SENS(10 ) *Fy

X=X-DX1

Y=Y-DY1

Z2=2-D21

Sti=y

SvV=V

Sw=w

K=K+1

CALL ROLLBK(I1)
GO TO 1n

WRITE(64,102)12
CALL CHNXIT
RETURN

FORMAT(//4X oK =1t 31294X et X =143F16¢934XetEU =t 4F16,9/13X41Y =tV,F1
0fe0 34X tEV =1,F16,9/123X,17 =t F16e994Xs'FW =t4F16.,9)

FORMAT (46HN*®HIUNT3 DID NOT CONVERGE TARGETING FOR EVENT LA6,15HRUN
1TFRMINATFD*%)

FORMAT(//4X s 'K =1 431234X e X =1 aF164934Xs'FU =1 4F16,944X,'C11=1,F16
0o Q/LX g "MN=t G T2 ,4X Y SV F164094X 4 'EY =1 ,F16,9/13X,17 =t 4F1649,4X
QQ’FW =t ;E-]f)oq’

FORMAT(//4X 4tK =1 4124bX40X S1eFE164934XetEU =0 3E16,9,4Xs*AY1=¢,F16
00994 X gAY 2=13F164904Xs'A13=V3F16e9/4Xs"MN=?3T12,4Xs'Y =1,F16e994Xs
eVFV =1 ,3F16e99UX s A21=Y3F164e994XsTA22=13F16e69934Xs?A23=0,F16,9/4Xs"'L
o =1 31244X412 =V 4F166994Xs'EW =V 3F16,4994Xs'A31=1 ,F16,944Xs'A32=1,F
0160994X9'A33='9F]609)

FND
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APPENDIX IT

SUBROUTINE HUNT4(XsYsZsRsUsViWsQolUDsVDsWDsQD43QUsQVsQWsQQ 11412,

« SENS)

DIMENSTION SENS(27)

SUBROUTINF HUNT4 FINDS VALUES OF XsYsZs AND R SUCH
THAT UsVaeWs AND Q ARE EQUAL TO UDsVDsWD AND QD
WITHIN A TOLERANCE OF QUsQVsQW AND QQs WHERE UsVW
AND Q@ ARE DEPENDENT VARIABLES DEFINED AT EVENT 12
AND XsYsZ AND R ARE CONTROL VARTABLES FCR THE FLIGHT
FROM 11 TO 12+ IF THE SOLUTION DIVERGES, HUNT4

WILL STOP RUN AFTER 20 ITERATIONS.

DATA 7FRO/0e0/

i n u X

22T
jo e Neo Ny |

MN=0

SENS( 1)- FLAG TO INDICATE SENSITIVITY AVAILARBLF
SENS( 2)~ Al1
SENS{ 3)- A21
SENS( 4)- A3]
SENS( 5)- A4]
SENS( 6)~ Al2
SENS( 7)- A22
SENS( 8)- A32
SENS( 9)— A42
SENS(10)y~ Al13
SENS(11)~ A23
SENS(12)- A33
SENS(13)- A43
SENS(14)- Al4
SENS(15)— A24
SENS(16)~ A34
SENS(17)- A44

INITTALIZE

FUMAX=10n00000,

EVMAX =
EWMAX =
EQMAX=

6.0
560

11.0

IF(SENS(1)eNELDNIGO TO 2
DO 1 1=2,17

SENS(1)=0,
IF(SENS(22)«NFe0e0)GO TO 4
PO 3 1=18,21

SENS(T)=0,
TF(SENS(27)eNE«NLN)GO TO 10
DO 5 1=23,26
SENS(I)=n.0

INTEGRATE TO EVENT 12 AND EVALUATE ERRORS

CALL FLTINT(I1s12)
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U=U+ZERO
UD=UD+ZERO
V=V+Z2ERO
vD=VD+ZERO
W=W+ZERO
WD=WD+2ERO
Q=Q+ZERO
QD=QD+7ERO
FU=U-UD
EV=V~-VD
EW=W-WD
FQ=Q-QD
IF(MN) 15416916

IF(NEQLN) WRITE(EH5103) KeXosFUsSENS(23) sSENS(25)sMNYsEVeSENS(24),
e SFNS({26)eNyZ+EW

TF(NGFQLl) WRITE(69104) KeXsFUsSENS(18)sSENS(20)sMNsYEV4SENS(19),
eSENS{21)YeNosZoEW

GO TO 18

WRITE(BsINT1IKoXsFllsYsFVeZEW,RH,FQ

TF(MNL.FR.0Y GO TO 18

WRITE(6+105) SFNS(2)sSENS(6)sSFNS({10)sSENS(14)sSENS(3)sSENS(7)sSFN
eSU11)9SFENSLI15) s SENSILYsSENSIBYI3SENS{12)9SENST116)9SENS{S)sSENSI9)Y,5
«ENS(13),SENS(17)

TFC(ABS(FU) eLTeQU) e AND ¢ (ABSIFV) eLTeQV) e ANDe (ABS(EW) 4L T«QW) s ANDW (A
eBS(EQ)4LT«QQ))IRETURN

IFIK«GF«30YGO TO 9

COMPUTE SFNSITIVITIFS
DU4=pU2
DR =DU2
DU2=DN
DUT=8U-)
nV4=nva
DV3=DV2
Dv2=DVv1
DV1=5Svy-V
PW4a=DW?3
DW3=DW?2
DW2=DwW1
DW1=SW-W
DR4=pPN2
DOR3=DN2
DR2=D0O1
DQ1=50-Q
TFIMNY 2N41945N
TF((ARSIEU) e LT EUMAX) e AND { ABS(EV) o LT e EVMAX Y JAND o (ABS(EW) oL T o EWMAX

«)eAND, (ABSIEQ) s LT«FQMAX)) GO TO 48
MN=-1

SOLVF  (XsY'UsV) AND (Z4sR'WsQ) PROBLEMS SFPARATELY
BFFORE SOLVING (XsYs7sR'UsVseW,Q) PROBLFM
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IF(N.EQs1) GO TO 30
IF{(ABS(EW) «LT.QW ) «AND< (ABS(EQ)«LT.QQ
IF(KeGTe2)GO TO 23
IFISENS({27)eNFaNeNIGO TO 24
IF(K.EQe2)1GO TO 22

DX1=0eN

PDY1=0eN

P71==eN1%7

PRI=0,N

~O TO 8

D22=D71
DZ1=NgN
DR1=-4N1*R
GO TO 8

DENOM3=DW1#DQ2-DW2%DQ1
TF{DENOM3,EQeNeNIGO TO 9
SENS(23)1=(D721*DQ2-D72*DQ1) /DENOM3
SENS(25)Y=(DW1#D72-DW2*¥N71) /DFNOM3
SENS(24)Y=(DO?*DRI-DO1*DR2) /DFNOM3
SENS(?26)=(DWI*#DR2-DW2%¥DRY ) /DFNOM3
SENS(27y=1,

NX1=n,

NPY1=n,

Dz22=D71

DR?2=DR1
DZ1=SENS(23)*EW+SENS(25)*EQ
DRI=SENS(24)%EW+SFNS(26)*EQ

<0 70O 8

K=1

N=1
TE{(ABS(FIJYJLTLQU }oAND L (ARS(IFV) 4LT.OV
TFIKeRTe2)GO TO 23
TFUSFNC(22)eNFeNeN)GO TO 34
IF(KeFQe2)60 TO 32
DX1==4n1%xX

PY1=n,

DZ1=0,.

DR1=0n,

GO TO 8

PDX2=N¥1
DX1=n,
PYl=—enlxy
GO TO 8

DENOM>=DU1 *¥DY2-D112*DV1
TF(DENOM2,FQ«N.N)GO TO 9
SENS(18)=(DX1%¥DV2-NX2*¥DV1}) /DFNOM2
SENS(20)=(DUI*DX2-DU2*NX1) /DENOM2
SENS(19)=(DV2*DY1-DV1¥DY2)/DENOM2
SENS(21)=(DUI%DYZ2-DU2%¥DY1)/DENOM2
SENS(22)=1.0

M

1)

GO TO 29

GO TO 49
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D71=NN
NRI=NGN
PXx2=DX1
DY?2=DY]
DX1=SFNS(18)%¥FU+SFNS(2n)*EV
DYI=SFNS(10)*¥FU+SFNS(21)*FV
GO 70 8

SOLVE (XsY'UsV) AND {7sR'W,yQ)
BFLORE  SOLVING (XsYeZ74R1UUsV,WsQ)

MA =1

O TO BN
K=1

MN =

L=2

TF(KsGFL5)Y GO TO 55
IFISFNS{1)eNFNeNYIGRO TO 56
TF(KFN 4YGO TO 54
TF(K=2)81457,5%

NX1==,n1%X
DY]-’QQ
h?“:.(’\
NDRI=N
GcO TO B

DXa=DX1
DX1=0.
NX2=n,
DX3=0,
DY1==,N1 %Y
-0 TN A

NY3=Dvy1?
NnYl1=n,
Nny>2=n,
DYa4a=n,
DZl=-.(\1*Z
GO TO 8

N72=nh71
D71=n.,
D?":f\.
N24=n,
NMRI=-,N1 %P
PDR2=n,
PR3=N,
DR4=0,

GO 70 8

PROBLEMS
PROBLFM

SIMULTANEOUSLY
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DELUVC=DU3I¥DV4~DU4*DV3

PDELUVA=DU2¥DVY3~-DV2%*D1I3

NFLUVRBR=DU? #NDV4-DULXDV2

NFLQVA=DY2%¥DN3~NN2%*DV3

PDFLAOVR=DV2*¥NO4-NO2*¥NV4

PFLOVC=DV3#NO4~NN3¥NV4L

NFLVYWA=DV2 ¥DW3-NDV3%XDW?2

NEFLYWR=DV? #¥NW4~-DW2¥DV4

DELVWC=DV3%¥DW4~-DW3*DV4

DELOWA=DW2%¥DQ3-DQ2*DW3

DELQWB=DW2%DQ4~DQ2*DW4

DELOWC=DW3¥DQ4=-DQ3¥DW4

DELQUA=DU2*DQ3-DN2*DU3

NFLOUR=NU2*DQ4~DA2%DI14

PELOUC=DUZXNO4~DO2%DL

NELUWA=DU2 ¥DW3-DWI%N113

NELHWR=D2¥DWa-DWI¥N1 4

PEFLOAUA=DNQAXDLIZ=NN2*DN113

NELOUR=NIIDENQL=DA2*NI114

NFLUWC=DU3¥DW4~NW3XDY4L
ADJ11=DV2%DFLOWC-DW2*DELQVC+DA2#DFLVWC
ADJ12=DVI*DELQWC-DWI1*DFLQVC+DQ1*DELVWC
ADJ13=DVI*DFLOWR-DWI*DELQVB+DQ1*DELVWB
ADJ14=DVI*DELOWA-DW1*DFLQVA+DQ1*DELVWA

ADJ? 1=DU2*DELOWC-DW2#DELOUC+DQ2*DELUWC
ADJ22=DUI1*DFLOWC-PWI*DFLOUC+NDO1%¥DELUWC

AD U2 3=PUIT*DFLAWR-NPW I *DFLAQUR+NNIXDF1L UWR
ADJ24=PUIT*NFLOWA-PWI*NDFLOUA+DOI *DFLUWA
ADJR1=DU2*DFLOVC=DVY2%*DFLQUC+DAZ2*DFLUVC
ADJ32=DUI*PELOVC=-NVI*DFLQUC+DO1I%DEL UVC
ADJ33=NUI*PFLAQVR-NVI*DFLQUR+DO1I*DFLUVRA
ADJ34=DUI*¥DFLOVA-DVI*DFLQUA+DQ1I*DELUVA
ADJ41=DU2%¥DFLVWC=NV2*DFLUWC+DW2*DELUVC
ADJ42=DU1*DELVWC-DVI*DELUWC+DW1*DELUVC
ADJ43=DUI*DFLVWB-NVI*#DFLUWR+DWI*DELYVE
ADJ44=DUI*DELVWA=DVI*DFLUWA+DWI*DFELUVA
PDENOM=DUI*ADJ11-NPY1*ANJ21+DWI*ADJ3T1-DN1%ADI4L]
TF(DFNOMFRNLIGOTNS
SEFNS(2)=(DX1*ADJTIT1-DX2¥ADJ12+DX3I*ADJ13-DX4*¥ADJIT14) /DFNOM
SFNS(2)=({DY1*¥ADJ11-DY2%*ADJI12+DY3I*ADJI3-NDY4*ADI]14) /DFNOM
SENS(4)y=(DN71%#¥ADJ11-D72¥ADJI24DNZ3#ADJ1I3-N74%¥ANI14) /DFNOM
SENG&(5)=(DRI*¥ADJTII~DR2IZ*ADJ1I?2+NDRI*ADJII2-NR4¥ANI14) /NFNOM
SFNS(6)=(~DX1*ADJ?]+DXZ*ADJZ2-DX3*ADJ2’+DX4*ADJ?4)/DENOM
SENS(7)=(~=DY 1 *ADJP1+DY?2*¥ANJ22~-DY3*ANJI23+DY4*ANDJ24) /DFNOM
SENS(8)=(-DZ1%¥ADJ21+D22%ADJ22-DZ3%ADJ23+DZ4*ADJ24) /DENOM
sst(o):(—DR1*ADJ21+DR2*ADJ?2—DR3*ADJ2?+DR4*ADJ24)/DENOM
SENS(1nY=(DX1%¥ADJ31-DX2%ADJU32+DX3*ADI33-DX4*ADI34) /DENOM
SEFNS(11)=(DY1#ADJ31-DY2*ANDJ32+DY3*ADJI33-NY4*ADJI34) /DENOM
SENS(12)={D71%ADJ31-DZ2*ADJ32+D23*¥ADJI323-NZ4*ADJ34) /DENOM
SFNS(13)=(NDR1*#ADJ31-DR?*¥ADJ32+DR3I*ANJI33-DR4*¥ADI34) /DENOM
SENS(14)={~DX1*ADJIL1+DX2%ADJ42~-DX3*ADJI4L3+DX4*ADJ44 ) /DENOM
SENS(18)=(=DY1*ADJ4T+DY2%¥ADJ42-DY3I*ANDJL2+DYL*AD J44 ) /DFNOM
QENS(16)=(=N71%¥ADJ4Y1+N72%ADI42=-D7 2 ¥ADJILA+DZLX¥AD J44 ) /DFNOM
GFNS(T7)=(—DR1*ADJ41+DR?*ADJA?-DR3*ADJ41+DR4*ADJ44)/DENOM
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SENS(1y=1,
COMPUTFE NEw X AND Y
DX4=DX3

DX3=DXx2

DX2=DXx1

DY4=nvY3

PY3=NY?

NY2 =Dy

N74=D713

N73=Nn77

nz2=nN71

NR4=NR2

NPR3=DR?

DR2=DR1

IF(L.GE«2)GO TO 7N
IF((M «FQe1)eORe(ABSIEU)eGToQU )eOR(ABS(EV)4GT&QV 1)) GO TO 61
M=1 ’
L=L+1

NDX1=SFENS ({21 ¥EVI+SFNS(6)*FV
PDY1=SFNS(RYXFII+SFNS(T)I*FY

TFUIN ¢FO1)eOR(ARS(FW)aGTeOW JoORG{ARSIFNYILGT.QQ Y)Y GO TO 62
N=1
L=L+]

DZ1=SFEFNS(12)*EW+SENS(16)*EQ
NDRI=SENS(13)*EW+SFNS(17)*EQ

TF(LeLT«2)GO TO 8

NDXI=SFNS{2)*¥FU+SFNR(HI*#FVHSENS(IN)*¥EWH+SFNS(14)Y%F0
NDY1=SFNS(3)*EUI+SENS(T)%FV+SFENSI11)¥FW+SFNS(15)%F0
N71=SFNS(4)%*¥FII+SFNS{RBI*¥FV4+SFNS{12)1%#FW+SFNS(16)*FQ
NDRI=SFNS{E)XF1I+SFNS(O)YXFV+SFNS (13 Y #FW+SFNS(1T7)%FQ
X=X-DX
Y=¥-DY)
7=7-D71
R=R-DR1
su=y
SV=Vv
SW=W
5Q=0
K=K+
CALL ROLLRK(T1)

~0 TO 1n

WRITE(641N0n2)12
CALL CHNXITY
RETURN

FORMAT(//4X 'K =1912s4Xs "X  =13FE1649,4Xs'FU =1,E16,9/13X,0Y =1,E1
e6e0 94X tEV =t 3F1669/13Xs'72 =143E16eF3s4Xs'FW =t43FE16.9/13X,'R =1,F1
.6.9,4)(9'[:0 =1 sFlﬁoq)

FORMAT (46HN®¥%HUNTS4 DID NOT CONVFERGE TARGETING FOR FVFNT, A6s19H -
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e RUN TFRMINATFNDX*#*)

103 FORMAT (/74X s 'K =1 4T24b4X et X =V 43F16e944XotFU =1 3F1649¢4X,1C11=1,F16
00 Qs X gt 12t 4F16,0/4X s "MN=1,T2,4X41Y =t G F 160X stEY =10 ,F16,944X,
o' C21=V yF1649984X'C22=19F16.9/4Xs*N =1,312,4Xs17 =t 3 E16e994X4FW =1
esFl1649)

104 FORMATI(//4X 'K =1 91244Xe1X Tt 3F16eQ94Xs'EU =1'43FE164944Xs'Bl1=1,4F16
03994x0'812='9516.9/4X9'MN=' 9!294X,'Y =t 9E160994XQ'EV ='9E160994X9
e 'R21=1 yF1EeF94Xs'R22=143F16,9/4Xs !N =t 41244Xs17 =t gF164044X4tEW =1
e3Fl6e9)

105 FORMAT(//13Xs'A11=t4F164934Xs'A12=1 sF16.0s4Xs'A13=1 4F16,9s4X,'Al4=
o' sF1660/13X s A21=1 4F 1660 44X 9 "A22=1 gF164994XstA23=1t 3F16,944X4'A24="
esF1E e/ 13X 3 VABYI=1 gF 18 4944X 3 'A32=13E166Fs4Xs'A33=1,F16.944X1A%G=1,

o F1660/13X st AUTI=t sF16eQ9U4X st AL2=1 3F16,994Xs1AL3=14F16,034X st ALL=",F
016.0’

FND
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